In the literature on the recovery of societies from natural disasters, a dominant theme is the importance of pursuing and achieving sustainable recovery. Sustainability implies that recovery efforts should aim to (re-) build, maintain, and, if possible, enhance the quality of life of members of the disaster-stricken community in the short and long term. In this paper, we propose a capabilities-based approach to recovery and argue that it provides important theoretical resources for better realizing this ideal of sustainability in practice. From a capabilities-based approach, the societal impact of a disaster is measured in terms of its impact on selected capabilities of individuals within society. Capabilities are constitutive elements of well-being and capture the valuable doings and beings individuals can achieve or become (e.g., being adequately nourished, and being sheltered). A proposed Disaster Impact Index (DII), we argue, can capture the societal impact of a disaster by measuring its impact on the well-being of individuals, as gauged by the changes in individuals' capabilities. We discuss how to measure this impact in practice. Also, a proposed Disaster Recovery Index (DRI) measures the current level of individuals' capabilities. It can provide important information on the degree to which capabilities have been restored and enhanced by comparing the DRI against a benchmark, or level of capabilities attainment, toward which recovery processes should strive. We argue that the DII and DRI provide critical information for policy-and decision-makers to use in order to practically implement the principles of sustainable recovery. Both can be used in the process of predisaster planning for recovery and in the period of recovery itself.
INTRODUCTION 1
Natural and man-made disasters can have enormous and devastating consequences. For example, in 2005 in the United States, Hurricane Katrina destroyed the Gulf Coast's highway infrastructure, damaged or destroyed 30 oil platforms, led to the closure of nine oil refi neries [1] , destroyed 1.3 million acres of forest lands [2] , left hundreds of thousands of local residents unemployed [3] and displaced, and had an overall estimated economic impact of at least $150 billion. As of April 2006, the United States government has requested $105 billion for repairs and reconstruction in the region [4] . Given the enormous consequences natural and man-made disasters can have, it is imperative to be able to develop an effective strategy for recovering from natural disasters when they occur.
In the literature on the recovery of societies from natural disasters, the importance of achieving sustainable recovery is a dominant theme. In this paper we propose a capabilities-based approach to recovery and argue that it provides important resources for better realizing the idea of sustainability. Capabilities are constitutive elements of well-being. They describe the real, valuable possibilities open to a person. The proposed approach can be used both in the process of predisaster planning for recovery and in the period of recovery itself.
Section 2 describes the research into recovery that led to an emphasis on sustainability. Section 3 describes the idea of sustainability and the theoretical and practical issues associated with achieving sustainable recovery that the current literature on sustainability recognizes but does not suffi ciently address. Section 4 describes the proposed capabilities-based approach, explaining its theoretical background, its use originally in development economics, and the application of this approach to risk analysis in our previous work. Section 5 outlines a capabilities-based approach to recovery. Section 6 outlines a method for practically implementing this approach. Section 7 discusses how the proposed approach addresses the issues described in the Section 3.
OVERVIEW OF RESEARCH ON RECOVERY 2 Historically, the recovery phase has been "the least investigated and most poorly understood of the four phases of a disaster -mitigation, preparedness, response and recovery" [5] . Broadly, the response phase covers the initial reaction to a disaster, whereas recovery deals with the short-and long-term reaction (Fig. 1) . More specifi cally, the response phase begins with the search and rescue period, as part of the emergency response, and emphasizes "fulfi lling the basic needs" of individuals. The recovery phase commences after the basic needs of individuals have been met and the immediate threat lessened. However, in the literature the precise demarcation of the recovery and response phases in the aftermath of a natural or man-made disaster and the precise defi nition of "recovery" remain the subject of debate ( [6] ; [7] , pp. 230-231; [8] ).
At its most abstract level, the goal of the recovery phase is the re-building of the community where the disaster occurred. More precise specifi cations of this general goal have been the subject of disagreement. According to one historically infl uential view, re-building entails re-creating the state of affairs that existed prior to the disaster ([7] , p. 230). Recently, however, that goal has been questioned. Quarantelli, for example, argues that recovery implies "attempting to and/or bringing the post disaster situation to some level of acceptability. This may or may not be the same as the preimpact level" [6] .
No matter how the goal of recovery is specifi ed, the process of recovery is a complex and multifaceted process. A pressing dilemma facing decision-makers involved in the recovery process is how to balance achieving fast results with lasting and safe changes ([7] , p. 233). A recovering community often would like, at the same time, to "(1) rapidly return to normal, (2) increase safety, and (3) improve the community" ([7] , p. 233); not all of these desires may be satisfi able. Recovery also involves complicated questions regarding, for example, whether, and in what way, to rebuild homes, to repair and rebuild infrastructure, and to restore business [8] .
Traditionally, research into recovery did not systematically address these theoretical issues. In fact, until recently there did not exist a "coherent body of knowledge" about how recovery should be planned. Disaster recovery resembled, in Mileti's view, "a set of processes in search of a policy" ([7] , p. 235). Federal programs and guidelines for recovery often developed in response to particular events, rather than out of a comprehensive theoretical framework for recovery. At the federal level, this is partly explained by worries over the expenses of recovery programs, their effectiveness, the lack of data demonstrating the long-term impacts of disasters, and rising costs for disaster assistance ([7] , p. 232). Instead, research focused on identifying patterns in the recovery process among families, individuals, communities, or businesses, as well as obstacles to rapid recovery faced by these groups ([7] , p. 230; [9] [10] [11] [12] [13] [14] ). There has thus been signifi cant progress in understanding empirically trends in disaster vulnerability and recovery. The fi ndings from this empirical research infl uenced the formulation of the principles of sustainable recovery, a coherent framework to guide recovery policy. Therefore, before turning to those principles, we discuss some of the patterns identifi ed in these studies. Particular emphasis is placed on the role of socioeconomic status, race and ethnicity, and gender. As is clear in the next section, the principles of sustainable recovery are designed to address the problems identifi ed and uncovered in empirical research.
Different degrees of vulnerability to disasters and rates of recovery exist among socioeconomic groups ([7] , pp. 230-231). Poorer people tend to be more vulnerable in the sense that they are more likely to be a victim to a disaster and face greater diffi culties in recovering from the losses due to a disaster [15] . Oliver-Smith [16] argues that disasters enhance pre-disaster inequalities. Boyce [17] , in discussing the 1976 Earthquake in Guatemala, writes that it was classifi ed as a "classquake" by researchers, because of its lopsided effects among the poor. Factors that contribute to this increased vulnerability include living in older and sub-standard structures, more densely populated areas, and landslide-susceptible ravines [15, 17] . Inequality extends to the distribution of relief [18] and disastervulnerability recovery plans [17] . In practice, Boyce writes, "Richer individuals, groups and classes will get more out of the impure public good of disaster-vulnerability reduction than their poorer counterparts" [17] .
Research also suggests that the impact of natural disasters affects minority populations and nonminority populations differentially. In the American context, race and ethnicity infl uence the process of recovery. In the long term, communities of color tend to face a greater drop in standard of living following a disaster [9, 15] . Different attitudes toward the risks posed by disasters, disaster warning systems, and the reliability of the media exist among racial and ethnic groups [9] . In addition, minority groups tend to live in structures more susceptible to damage [19, 20] . This, coupled with factors including lower incomes, higher unemployment, inadequate or no insurance, and reduced access to information, increase the diffi culties minorities have in recovering [9, [20] [21] [22] . Race and ethnicity have infl uenced the quality of emergency relief provided by government services [18] . Language barriers, limited knowledge of the relief system, immigration status, and distrust in the authorities have impeded the accessibility of government relief [9, 19, 20] . Finally, research is also drawing attention to the importance of considering gender when examining the recovery process. Women often become primary caretakers for those affected by disasters, including the elderly, children, and injured. Further, gender roles and gender inequality in social, economic and political spheres are known to affect the accessibility and distribution of disaster relief [23, 24] .
SUSTAINABLE RECOVERY 3
Responding to the absence of a comprehensive vision for recovery, Mileti [7] argued for a model of sustainable disaster recovery. The concept of sustainability became prominent in the late 1980s, especially through the World Commission on Environment and Development ( [25] , p. 188). In the context of development, sustainability captures the idea that efforts at development should not hamper the ability of future generations to fulfi ll their needs ( [25] , p. 188). Sustainability emphasizes inter-and intra-generational equity; adequate standards of living for everybody, and ecology ([7] , p. 29).
In the context of disaster recovery, sustainability implies that recovery efforts should aim to (re-) build, enhance, and then maintain the quality of life of members of the disaster-stricken community in the short and long term [26] . Below we discuss the fi ve features of sustainable recovery and highlight what is still needed to realize them in practice.
Restore, maintain and enhance quality of life 3.1 Sustainable recovery emphasizes restoring, maintaining, and enhancing the quality of life of members of a disaster-stricken community [27] . Thus, the goal of sustainable recovery is not simply to re-create the conditions that existed before a disaster, but rather to work toward ensuring a decent quality of life both now and in the future (for the present and future generations).
Researchers advocating sustainable recovery emphasize that disasters create opportunities [7, 8, 26, 27] . One opportunity is to mitigate the impact of future hazards ([5] ; [7] , pp. 237-238). Consequently, increasing numbers of researchers are calling for developing a pre-disaster plan within communities [7, 10, 28] . An additional opportunity is to correct problems that existed prior to the disaster. As Monday writes, "The concept of "sustainability" can provide an enlarged framework for examining potential mitigation measures -and any other community concerns -in a wider context" [26] . Examples of correcting pre-disaster problems include improving the available of affordable housing for the poor and improving traffi c [5] .
Two preconditions for realizing this goal of restoring, enhancing, and maintaining the quality of life of members of a disaster-stricken community are the following: (1) clarifying the meaning of the "standard of living," and (2) having a method for measuring or assessing the standard of living. Many components and factors affect and defi ne the quality of life of individuals. Advocates of sustainable recovery recognize that quality of life is a complex and multifaceted concept. The list of factors that infl uence the quality of life cover economic, social, educational, and ecological aspects. However, there are practical challenges in implementing sustainable recovery because assessing the quality of life in a community is complicated. There remains no articulated and principled basis for the inclusion of the different components listed above. That is, there are no principled grounds for including or excluding a potentially signifi cant or defi ning aspect in the assessment of the standard of living. In addition, the practical implementability of the sustainable recovery approach depends on our ability to assess the current quality of life of members of a community as well as changes to that standard. However, a systematic method for gauging the standard of living of a society is currently missing.
Promote social equity (intra-generational justice within a society) 3.2 According to advocates, sustainable recovery should be equitable ( [27] ; [29] , p. 127). Resources for recovery and the opportunities recovery processes create should be available to all members of a community ( [25] , p. 188). Indeed, some authors assert a basic (and egalitarian) right to a safe and clean environment [17] . The implications of a commitment to egalitarian recovery include treating mortality of all individuals as equally signifi cant [17] .
To determine whether recovery is equitable, it is necessary to have a method for ascertaining the recovery of disparate social groups. Information on rates of progress among socioeconomic, racial, and ethnic groups, for example, can draw attention to inequalities when they exist. This measurement of equity must be sensitive to the problems with relief distribution of the past. It must, for example, look beyond simply how much aid is available to groups of individuals within society and consider whether that aid is in practice accessible, given, for example, language and cultural barriers.
The examination of equity should also factor in differences in the effect or impact in recovery of distributed aids and future vulnerability [5, 28, 30] . Similarly, it must factor in the non-uniform spatial distribution of people and population density. In Boyce's words, "There is a difference between saying that each individual has an equal right to risk mitigation and saying that the weight on each individual's risk should be equal" [17] .
Promote inter-generational justice 3.3
Recovery potentially impacts the welfare of both current generations and future generations. One goal of sustainable recovery is to respect and foster intergenerational equity ([7] ; [25] , p. 188). That is, recovery should not undermine the ability of future generations to achieve or enhance their well-being.
To determine whether recovery processes achieve this goal, it is important to be able to update recovery plans and forecast likely future well-being. The importance of updating occurs not only as the recovery phase in the aftermath of an actual disaster proceeds but also in the recovery planning phase. Such forecasting exercises must take into account two sources of uncertainty. First, there is uncertainty surrounding the likely impact of recovery policies. The recovery process impacts longterm well-being and the well-being of future generations. Thus, there needs to be a method for updating in particular contexts how the current state of recovery will impact well-being in the future. "No emergency plan is likely to remain fully operational and completely effi cient over time unless it is updated" ([29], p. 131). In the context of emergency planning and preparation, Alexander ([29], p. 131) suggests adjusting recovery plans as conditions change, including available emergency resource levels, technological changes, and increased information about a hazard. To some extent, this practice of updating is currently occurring in the business community through business continuity planning, which includes annual testing and updating of post-disaster recovery plans [31, 32] .
Second, there is the more general uncertainty surrounding the conditions necessary for sustaining a desired level of well-being. As Goodin [33] writes, "we can never be quite sure what consumption levels might actually be sustainable into the indefi nite future." When resources become scarce, prices increase; this creates an incentive to search for new supplies or new substitutes. "Allowing for substitutability, future generations might be as well off as present ones in terms of all the functional tasks performed, albeit using a different array of material items to perform those functions" [33] . Thus, it is diffi cult to determine what is fair to ensure that future generations have simply by considering what resources present generations have available. Similarly, future generations might have new technologies or engineering solutions that make current ones obsolete and therefore saving some resources or designing solutions with future generations in mind might be a waste of resources. Finally, as current and future generations acquire more knowledge, current solution strategies might turn out to be even deleterious (an example is the use of cancerogenous materials in construction that contains asbestos).
Address environmental concerns 3.4
Sustainable recovery implies a commitment to ensuring that ecosystems are able to renew themselves and to viewing members of a community as co-existing with the natural ecosystem. It tries to avert the degradation of natural systems and to replace practices which threaten the sustainability of ecosystems. To the extent that an ecosystem is damaged, sustainable recovery would suggest working to restore or rehabilitate that system. Similarly, recovery tries to reduce future environmental vulnerability and promote sustainable changes [34, 35] .
Members of a society can become motivated by these environmental concerns through understanding that a fl ourishing natural ecosystem is also an important element for the well-being of individuals, for the sake of protecting nature itself, or a combination thereof. However, a method is needed to account for the environmental concerns in the overall well-being of individuals and to gauge the impact on the well-being from a fl ourishing natural ecosystem compared to other infl uencing factors that also promote well-being.
Facilitate public participation 3.5
The complex and lengthy recovery process involves many organizations and individuals, including local, federal, and state governments, businesses, politicians, and community activists [8] . Often members of the international community and international organizations are also involved. The function played by organizations differs; some organizations are regulatory, others fi nancial (i.e., provide support) [8] . Increasingly, research recognizes the infl uence of social norms and public perceptions in the process ([7] , p. 239; [36] ). This has led to calls for greater participation by members of the disaster-stricken community. The benefi ts of such processes include having a community feel greater "ownership" over the recovery process, promote a sense of community, the production of new ideas, and an increased likelihood that recovery decisions will be viewed as legitimate. Lack of public participation can inhibit the promotion of social equity. Frequently those segments of society that are most marginalized and have less trust in the authorities are then less likely to participate in the recovery and to benefi t from the recovery aids.
For participation to be helpful and productive, it is essential that the public be informed. One challenge to ensuring public participation is determining how to effectively communicate and disseminate the necessary information. Equally important is fi nding a way to balance the long-term goals of sustainable recovery with the desire of disaster-stricken communities to have life return to normal as quickly as possible [10] . "The pressure to move quickly can result in hasty decisions not fully thought through" [10] . It is important to consider the conditions that are likely to lead to less hasty decision-making, should public participation be encouraged.
One fi nal issue to consider is how to encourage dialog among the various actors working for sustainable societies in different contexts [37] . Berke laments the lack of interaction and communication between advocates of sustainable development and risk analysts. He argues that disasters are most often conceived of as a nuisance that needs to be addressed using more than short-term options. Sustainable recovery, especially its aim of mitigating hazards, will be more effectively realized if the processes that occur in conjunction with recovery efforts, in particular development efforts, incorporate the importance of risk mitigation into their processes. Functionings denote what an individual may do or become in life that is of value. Examples of functionings are being alive, being healthy, and being sheltered. Capabilities represent the actual ability to achieve their corresponding functioning and thus are positive freedoms. An underlying assumption of a capabilities-based approach is that freedom from external interference, or negative freedom, is not suffi cient for individuals to be actually free to realize valuable functionings.
Capabilities are distinct from other metrics of well-being, including utility or resource-based metrics. Utilities try to capture the mental satisfaction or happiness of individuals ([41], p. 58). Utilities are determined in practice by considering individual's choices or preferences. A has more utility than B if it is preferred to or would be chosen over B. Capabilities do not emphasize mental satisfaction, but the real opportunities individuals have. Capabilities have the benefi t of avoiding the problem of adaptive preferences. Adaptive preferences refer to the phenomenon of individuals shaping their expectations and preferences by what is realistic, given their circumstances. An individual living in extreme poverty may develop limited expectations, all of which are satisfi ed. From the utilitarian perspective, that individual may be said to be well-off, despite being objectively deprived. From a capabilities-based approach, an assessment of well-being would take into account this poverty and consider how it negatively impacts what one is able to do or achieve, and consequently one's well-being.
Capabilities are also distinct from resources. A common resource-based metric of well-being is primary goods or all-purpose means that enable individuals to pursue their goals and aims. Examples of primary goods include rights, income, and opportunities. Looking at the amount of resources an individual has is insuffi cient to gauge that individual's well-being because of what Sen labels the interpersonal conversation rate ([41], pp. 70-75). With identical amounts of resources, different individuals may not be able to achieve identical goals. Prior recovery and relief efforts discussed above demonstrate that setting aside a certain amount of relief resources for individuals is not enough to guarantee that individuals will actually be able to avail themselves of those resources in practice. Language barriers, distrust of government offi cials, lack of knowledge of the relief system all can undermine the ability of individuals to access relief to which they are entitled in principle. Thus looking at the resources available in principle to individuals is not suffi cient for knowing how well individuals actually are. "(A)s human beings differ in their abilities to transform resources into useful functionings, then a resourcist approach cannot tell us who is truly well or badly off" [46] . Capabilities, on the other hand, concentrate on what individuals are able to do with resources and measures well-being in a way that takes into consideration how these various factors infl uence individuals' ability to utilize resources. In addition, capabilities are constitutive components of well-being and valuable in themselves. Resources and primary goods, however, measure important means to freedom, but not well-being directly [42] .
Development economics and policy 4.1.1 A capabilities-based approach is currently used by the United Nations (UN) and development agencies to assess the development of societies. Annually, the UN publishes the Human Development Report (HDR), which provides a picture of the level of development of counties. A primary objective when the fi rst HDR was published in 1990 was to center economic debate, policy, and advocacy on people's well-being and to assess well-being without looking solely at income.
The HDR uses the Human Development Index (HDI) to determine the level of development. The HDI assesses development based on the level of achievement of three primary capabilities (the capability to live a long and healthy life, the opportunity for being knowledgeable, and the capability of having a decent standard of living). In practice, indicators are employed to measure the level of capabilities attainment, since capabilities are not directly quantifi able. Each indicator serves as a gauge for a specifi c capability [47, 48] . Leading scholars and practitioners in the fi eld of development economics contribute to the HDR. Currently, four additional indices are also used: the Human Development Index, the Gender-related Development Index, the Gender Empowerment Measure, and the Human Poverty Index.
Risk analysis, public policy, and resource allocation in hazard mitigation 4.1.2 In this paper we describe a capabilities-based approach to the measurement of the actual societal impact of a disaster in the immediate, short, and long term. This information is critical for evaluating and implementing recovery plans. This approach values protecting and promoting individuals' capabilities. It also builds on our previous work developing a capabilities-based approach to risk analysis related to natural hazards and disasters.
In Murphy and Gardoni [49] and Gardoni and Murphy [50] , we propose a capabilities-based approach as the theoretical foundation for identifying and quantifying the potential societal impact of natural hazards in a more satisfactory way. In a capabilities-based approach, the potential benefi ts and losses due to a hazard are measured and compared in a uniform way by using individual capabilities (specifi ed functionings individuals are able, still able, or unable to achieve) as a metric. In a capabilities-based approach, risk refers to the probability that individuals' capabilities might be reduced due to a hazard. In Gardoni and Murphy [50] we develop a methodology to quantify the expected societal impact of a hazard, or the actual societal impact of a disaster in order to practically implement the proposed capabilities-based approach.
In Murphy and Gardoni [51], we argue that an overarching goal of policy makers dealing with hazard mitigation should be the mitigation of the impact of natural hazards on individuals' capabilities. For this to be possible, policy makers need a method for identifying when mitigation is necessary and which mitigation and resource allocation policies to pursue. Murphy and Gardoni [51] describe our proposed capabilities-based approach to public policy and resource allocation. The fi rst step in this method is to consider whether the risk posed by a natural hazard is either acceptable or tolerable (see [52] for a discussion of how to determine acceptable or tolerable risks). In general, priority should be given to addressing or mitigating the impact of intolerable risks fi rst, followed by addressing the tolerable but unacceptable risks. The same principle for prioritizing which risks to address can be used to determine which mitigation strategies for intolerable and unacceptable risks are in practice viable options. Viable options are those that are likely to successfully bring individuals above the acceptable or tolerable levels. From a capabilities-based approach, viable mitigation strategies should be chosen on the basis of their likely affectability. That is, we should compare the expected dollar per unit of change in the societal impact of a hazard that various mitigation strategies might have. As noted earlier, such change can be achieved by reducing either the probability of occurrence of a hazard and/or by limiting its impacts. This is done to maximize the return on the investment made using public resources.
RECOVERY AS CAPABILITIES RESTORATION AND ENHANCEMENT 5
In this section we present a capabilities-based approach to recovery. Capabilities are constitutive elements of well-being. Thus, a capabilities-based approach focuses directly on the elements of interest in the recovery process. We fi rst discuss the general framework for assessing the impact, tracking progress in recovery over time, and evaluating the effectiveness of recovery processes. We also consider how issues of inter-and intra-generational justice can be accounted for. We then describe in detail how a capabilities-based approach can be practically implemented. Finally, we explain the benefi ts of conceptualizing sustainable recovery in terms of capabilities and how the proposed approach helps implement the fi ve features of sustainable recovery.
From a capabilities-based approach, the societal impact of a disaster is measured in terms of its impact on selected individuals' capabilities within society. As its original application in development economics and policy shows, a capabilities-based approach is ideally suited for gauging how well off individuals in a disaster-stricken society are. A Disaster Impact Index (DII) can capture the societal impact of a disaster by measuring the change in well-being. Specifi cally, the DII can be computed as the difference between the value of a society's level of well-being, achieved before a disaster strikes and the value at any time t after the occurrence of the disaster. So the DII can be written as DII(t) = DRI(0 − ) -DRI(t), where DRI(0 − ) is the Disaster Recovery Index (DRI) immediately before a disaster strikes and represents the level of well-being of the society pre-disaster and DRI(t) represents the level of well-being of the society at time t after a disaster strikes. When t is within the emergency phase, DII(t) provides the impact in the immediate aftermath of a disaster. As t enters in the short-/long-term phases of recovery, DII(t) shows the amelioration of the societal conditions post-disaster. Below we discuss how to measure this impact in practice.
The focus on capabilities is maintained when evaluating the level of recovery a disaster-stricken community has achieved. A process of recovery from natural and man-made hazards has many steps that can be taken over time. A capabilities-based approach can gauge the extent of recovery and the progress made over time. This is assessed based on the level of individuals' capabilities at given moments in time of the recovery process. The DRI measures the current level of individuals' capabilities. Examples of capabilities to consider include the capability to be adequately nourished, have adequate and permanent shelter, engage in interaction with others, and be mobile. The DRI provides information on the degree to which capabilities have been restored and enhanced by comparing the DRI against a benchmark, or level of capabilities attainment toward which recovery processes should strive. That benchmark does not need to be identical to the level of the capabilities attainment before the disaster. Rather, in the spirit of the commitment of sustainable recovery, the level of attainment should be specifi ed in terms of the level that we ideally want to see all citizens achieve.
We can assess the effectiveness of recovery policies that have been implemented or are being considered. To make this evaluation for already implemented policies, we can look at the change or improvement effected by the policy as measured by the change in DRI. We can predict the likely improvement or effectiveness of a policy by predicting the likely DRI. Such predictions can be based on information provided by engineering or sociological models or by looking at values of the DRI in similar situations. The change over time of the well-being of individuals can be monitored to assess the recovery process, to see which interventions are most effective, and to avoid inter-generational injustice. After quantifying the expected DRI associated with a decisions or resource-allocations or recovery strategy, one can compare the associated DRIs also considering their associated costs. This provides a useful tool for decision-makers in the process of resource allocation and policy making. The relative effectiveness of various policies can be measured by predicting their DRI if implemented, when policy options are being compared to implement at the same point (because the starting point will be the same in each case and so the DRI will capture the relative difference). When assessing the actual difference between DRI(t 2 ) (after the policy is implemented) minus DRI(t 1 ) (before the policy is implemented) where t 2 ≥ t 1 . (Note that this is the same as doing the DII(t 1 )-DII(t 2 ), since DRI(0) cancels out.) Finally, in recent years, pre-impact recovery planning [28] has been promoted by researchers and practitioners with the aim of reducing or minimizing the impact of potential, future natural hazards. The proposed approach can be used to assess the effectiveness of alternative pre-impact recovery planning over time, by comparing the DII of different cities or regions affected by natural disasters that did not implement or implemented different pre-impact recovery plans.
PRACTICAL IMPLEMENTATION 6
In this section, we discuss how the proposed approach can be implemented in practice. We focus on the steps that need to be taken to construct a given DRI, and, by extension, the DII, in order to assess the societal impact of a hazard, track the progress of recovery over time, and assess the impact of policies over time. The DRI is modeled on the HDI in the context of development. The methodology for constructing the DRI is modeled on that used to construct the HDI.
Selection of capabilities 6.1
The fi rst step in a capabilities-based approach to recovery is to identify the capabilities to take into account when assessing the societal impact of a disaster both initially and over time. There are four criteria selected capabilities should fulfi ll.
1.
Relevance: Selected capabilities should have a direct link to our general purpose in recovery efforts. In Sen's words, " [t] he focus has to be on the underlying concerns and values, in terms of which some defi nable capabilities may be important and others quite trivial and negligible" [39] . 2. Importance: Selected capabilities need to be signifi cant, in the sense of capturing an effect of a disaster that should be factored into the calculation of the societal impact. Chosen capabilities should be appropriately the subject of recovery planning and policy. Given that public resources are limited, the consequences of a disaster that are addressed using public resources should be of signifi cant value. 3. Infl uenceability: In the recovery process it is essential to allocate limited resources in the most effective manner. Infl uenceability means that those capabilities that are selected to assess the societal impact of a disaster can be tangibly affected by resource allocations and recovery actions.
Practical implementability and accuracy:
The practical value of the capabilities-based approach depends on our ability to assess the impact of a disaster on capabilities. This in turn depends on information about changes in capabilities being accessible. Equally important, to ensure that the assessed impact is accurate it is important to include all the relevant information. Two conditions help to ensure the practical implementability and accuracy of this approach. First, the fewest possible capabilities should be chosen (capabilities parsimoniety). This reduces the amount of data needed to be acquired in the aftermath of a disaster to measure that disaster's impact and enhances the framework's practicability. Second, the capabilities chosen should each provide unique sources of information about the change in well-being of individuals not captured by the other chosen capabilities (capabilities orthogonality).
Identifi cation of indicators 6.2 Selection criteria 6.2.1 Capabilities cannot be directly measured or quantifi ed. Therefore, it is necessary to have indicators for each capability. For example, the capability to have adequate and permanent shelter, an indicator could be the number of persons left homeless due to a hazard. A potential indicator for the capability to engage in interaction with others is the number of individuals unemployed due to a disaster. These indicators signify or provide a picture of the level of or changes in individuals' attainment of capabilities. The societal impact of a disaster should be assessed based on how it affects individuals' capabilities. Given the critical role indicators play in quantifying this impact of a disaster, it is important to be sure appropriate and accurate indicators are selected. Indicators should meet two general criteria to ensure they are appropriate and accurate measures of specifi c capabilities.
1. Be representative of the corresponding capability: An indicator should correlate with the capability it signifi es. If it does not correlate, measuring an indicator provides irrelevant information, given hat is supposed to be gauged. Such correlation can be explored by looking at the value of an indicator and comparing that with the level of achievement of the corresponding capability, which has to be assessed through a qualitative analysis. Appropriate indicators may be context dependent or hazard dependent. 2. Be intuitively plausible: There may be indicators that can be shown to be correlated with a given capability, but the correlation cannot be intuitively justifi ed or explained. These indicators could be used to assess the societal impact of a hazard. However, their use would hamper the general communicability of and trust in the results from the approach, given that the connection between the information and the level of well-being is not obvious or understandable. To ensure that the capabilities-based approach is transparent and easily communicable and understandable to the public and policy makers, it is better to have indicators which intuitively show why the indicator tracks the capability in which we are interested in addition to being shown to be correlated. Engineering practice can serve as a starting point for selecting potential indicators. Information about the consequences of disasters gathered by engineers seems intuitively to capture important effects of such disasters. In implementing a capabilities-based approach the task is to determine for which capabilities such indicators are relevant.
Scaling of indicators: indicator indices 6.3
Each indicator provides a measure of a distinct aspect of the well-being of individuals. To make the information from different indicators comparable, the indicators must be normalized (or scaled) into a common metric. Through the scaling process, indicators can be combined, creating a comprehensive composite index. As in constructing the HDI, in developing the DII indicators are normalized to create dimensionless indices that range from 0 to 1. A 0 value of the index indicates that the disaster had no impact on the corresponding indicator. Conversely, a value of 1 indicates that the disaster had the maximum foreseeable impact on the corresponding indicator.
Weighting the indicator indices: Disaster Index 6.4
The Disaster Index (DI) is a normalized composite measure of the net overall impact of a disaster. A DI is computed as the potentially weighted average of the IIs. As when constructing the HDI, the IIs should, in our view, have equal weight [47] . This is because the value of each capability is incommensurable. An excessive level of one capability cannot compensate for the absence or lack of another capability. For example, no level of command over resources can make up for the lack of physical and mental health.
Putting the Disaster Index in context: Disaster Impact Index 6.5
While the DI provides a picture of the net overall impact of a disaster, the actual impact on an individual in a society will vary based on the size of the society. For example, the impact of 3000 fatalities in El Salvador will be different from the impact in China. Consequently, to determine the impact of a hazard on individuals, on average, the DI should be divided by the number of individuals in the society, defi ning the DII. For a given DI, a larger society results in a smaller average impact on an individual since more people share in the impact and there are likely to be more resources to draw on in the process of recovering from a disaster. Conversely, for the same DI, in a smaller society the average impact on an individual is larger since fewer people share in the impact and there are likely to be fewer resources available for the process of recovery. By looking at the average impact of a hazard on individuals, the DII makes that impact more meaningful.
Updating information on recovery in the short-and long-term 6.6
It may be necessary to update the indicators used to gauge selected capabilities in order to measure accurately the degree of recovery a society has achieved and to assess the effectiveness of recovery policies. The indicators used to assess the impact of a disaster in the immediate aftermath may need to be supplemented with additional indicators more applicable to the long-and short-term recovery phases. There are two reasons why it may be necessary to add more indicators. First, while initial, easily measured and readily available indicators may be useful for getting a basic or coarse sense of the impact of a hazard in the emergency phase, over time such coarse indicators may offer a mistaken picture of recovery or the impact on a community. Measuring recovery or the impact on the base of coarse or more basic indicators may mistakenly suggest that a community has completely recovered or is no longer impacted by a disaster, when subtler impacts on a disaster-stricken community remain and intuitively it seems it has not.
For example, an estimate of the number of people missing can be used to assess the capability to live to the normal end of life. This indicator would be appropriate to get an initial basic sense of the impact of a disaster on a community and can provide important information for emergency response personnel to consider. Other, more refi ned indicators of this same capability, for example, the number of fatalities and number of injuries, may take longer to assess, because of the time required to get the relevant data. It may be possible to use these indicators to assess the impact of a disaster in the short and long term or to track recovery.
Similarly, a DRI that gauged the elementary achievement of specifi ed capabilities will not be very useful in assessing the improvement in capabilities within society in the short-and long-term recovery phases. To illustrate, consider the capability to be sheltered. An initial indicator of this capability could be whether or not an individual had shelter. The percentage of a population left homeless as a result of a disaster could offer an initial assessment of the general attainment of the capability to be sheltered. In the long term, however, the capability may not fully have been restored or a community recovered, despite the fact that few or none are homeless. A signifi cant percentage of housing may still be temporary. A later additional indicator of the same capability could be represented by the percentage of the population with a permanent residence.
The second reason for updating indicators over time is to account for the impact of technological or social change on the realization of capabilities, for present and future generations. For example, a disaster before the advent of cellular phones could have disrupted the ability of individuals to communicate with other cities or regions. So assessing the damage to the landlines could have helped gauge the capability to communicate and could have been selected as an indicator. However, with the advent and diffuse use of cellular phones, assessing the damage to the landlines no longer provides a reliable assessment of the ability of individuals to communicate. Additional or different indicators need to be included. The ability to communicate might be better assessed by considering the damage to the wireless communication network.
BENEFITS OF A CAPABILITIES-BASED APPROACH TO RECOVERY 7
In this section we discuss how the proposed approach can promote the fi ve principles of sustainable recovery discussed in Section 3. We also discuss additional benefi ts of the Capabilities-based Approach to recovery.
Restore, maintain and enhance quality of life 7.1 A capabilities-based approach shifts the focus of recovery offi cials to ensuring capabilities are protected, restored, and enhanced. One main goal of sustainable recovery is to enhance and restore the quality of life of individuals. The capabilities-based approach offers a tool to assess whether this is in fact occurring. The DII and DRI help to quantify the impact of a disaster on the well-being of individuals and to assess the degree to which well-being has been restored.
The capabilities-based approach also has the resources for motivating recovery offi cials to ask what victims of a natural hazard need in order to be in a position to benefi t in practice from relief provided by federal and local governments. Instead of focusing strictly on ensuring relief resources are set aside, a capabilities-based approach would consider whether information programs should be established to alleviate concerns and fears of those suspicious of government agencies. Ensuring that language barriers are suffi ciently addressed would be another recommendation. Guiding these questions is an over-arching concern with ensuring that individuals are able to function fully.
Promote social equity (intra-generational justice) 7.2 A method of disaggregation can be used to determine the differential impact of a disaster among socioeconomic, racial, geographic, and occupational groups. The method consists in assessing the DII for a selected sub-group of the population, generating a set of DIIs, one for each sub-group. Comparing the DIIs provides an insight into potential intra-generational injustices. This method of disaggregation enables us to ascertain whether all groups within society are making progress toward the level of capability attainment that is the goal of recovery process, which is an important goal of sustainable recovery. It thus can be used to assess intra-generational inequalities and to guide effective interventions that provide a uniform well-being. This same method of disaggregation is used by the United Nations to gauge the level of development of groups within a society. Disaggregation can focus on geographic, ethnic, and gender differences [45] .
Promote inter-generational justice 7.3
It is possible to use the above methodology to calculate the impact of policies on the well-being that accounts for the impact on the well-being of future generations (predicted) as well as present generations. Future generations can be included in the forecasting of the impact of policies that are being considered, as well as included as likely impacts in actual implemented policies. The impact on future generations can also be included in the determination of the DII and the DRI at any given interval. Given that the well-being of future generations is predicted, we need to include the probability that the anticipated indicator level will be realized. The further into the future we go, the less reliable the predictions become. The discussion on updating above lists two important factors for this diminished reliability. Technological innovations in the future may alter the impact of policies in the present, for example. Thus, it may be necessary to attribute less weight to the predictions, though not less weight to the well-being of future generations. Whether to assign the same weight to the predicted DII for future generations or, more generally, how to account for this diminished predictive reliability, is a decision that decision-makers and the public will have to make.
Address environmental concerns 7.4
From a capabilities-based approach it is possible to include the impact of a disaster on the environment. Indeed, one capability Nussbaum defends is the capability to live "with concern for and in relation to the world of nature and animals" [43] . Permanent environmental damage can undermine this capability. Implicit in this capability is the assumption that the natural environment plays a critical role in the achievement of individual well-being.
Facilitate public participation 7.5
An important goal of sustainable recovery is to increase the participation of the public. For public participation to be maximally benefi cial, it is important that the public be informed about the implications of various policies considered, the impact of a disaster, and progress toward recovery. Creating and maintaining an informed public requires relevant information be presented in understandable terms. The transparency of the proposed approach will promote the participation of victims of a hazard. This approach is transparent in that the value judgments underlying its measurement of the impact of a disaster and evaluation of policy options, actually taken or under consideration, are explicit. Protecting individuals' capabilities and bringing all groups within society to the desired capabilities levels is the overarching goal. This transparency makes it easier for the public to discuss and decide whether these are value judgments that they want to endorse. Similarly, the intuitively plausible measures used to assess well-being makes the results of policy evaluations and judgments about the degree of recovery more understandable.
Encourage sustainability in development 7.6 A fi nal, additional benefi t of our capabilities-based approach is that it offers a common approach to both the process of recovery and the process of development. This can encourage or facilitate communication among members of the recovery and development communities. As noted above, recovery often poses opportunities, an important one of which is for development. Using the same tools can facilitate the promotion of development through recovery. This is signifi cant because the impact of a given hazard is more signifi cant on developing countries. Developing countries are often more vulnerable to natural and man-made hazards, prompting the issue of development through recovery.
CONCLUSIONS 8
In this paper, we have proposed a capabilities-based approach to recovery and argued that it provides important theoretical resources for better realizing this ideal of sustainability in practice. A capabilitiesbased approach assesses the societal impact of a disaster based on its impact on selected capabilities of individuals within society; capabilities are constitutive elements of well-being. We discussed a DII which, we argued, can measure the societal impact of a disaster, based on the changes in individuals' capabilities. Also, a proposed DRI can measures the current level of individuals' capabilities, providing important information on the degree to which capabilities have been restored and enhanced. We have argued that the DII and DRI provide critical information for policy-and decision-makers to use in order to practically implement the principles of sustainable recovery. Both can be used in the process of predisaster planning for recovery and in the period of recovery itself.
